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Artichoke compound cynarin differentially affects the survival, growth, and stress
response of normal, immortalized, and cancerous human cells
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Abstract: Cynarin (CYN) is the main derivative of caffeoylquinic acid, found in leaves and heads of artichoke. It may have
hepatoprotective, antiatherosclerotic, antioxidative, choleretic, and cholesterol-lowering effects. We tested the effects of various doses of
CYN on the proliferative potential, survival, morphology, and stress response (SR) markers heme oxygenase-1 (HO-1) and heat shock
protein-70 (HSP70) in normal human skin fibroblasts (FSF-1), telomerase-immortalized mesenchymal stem cells (hTERT-MSC), and
cervical cancer cells (HeLa). The effects of CYN on cell proliferation and morphology were dose- and cell type-dependent, with 500
µM CYN as the upper limit for all cell types. While the growth and proliferation of cells decreased after exposure to 75 µM CYN for 3
days, overall survival of FSF-1 and hTERT-MSC was higher than that of HeLa cells. Furthermore, CYN induced the oxidative SR marker
HO-1 in both fibroblasts and stem cells in a biphasic manner. A slight induction of HSP70 was observed only in the stem cells. Thus,
CYN may be useful for protection against the growth and survival of potentially cancerous cells and may promote longevity of normal
cells by inducing SR proteins. Further advanced research related to CYN and artichoke is recommended.
Key words: Cynarin, artichoke, skin fibroblasts, bone marrow, mesenchymal stem cells, HeLa, stress response

1. Introduction
A healthy lifestyle incorporating a balanced diet is a
cornerstone for the maintenance and improvement of
health and longevity, and for the prevention of various
diseases. Several phytochemicals of fruits, spices, vegetables,
and other plants have been identified as modulators of
lifestyle-related diseases due to their beneficial health
effects (Argyopoulou et al., 2013; Özkan and Erdoğan,
2013). Artichoke (Cynara scolymus) is widely consumed
in the Mediterranean diet and may have hepatoprotective,
choleretic, cholesterol-lowering, bile-expelling, diuretic,
immunomodulating,
antiatherosclerotic,
anti-HIV,
antibacterial, anticarcinogenic, and antioxidative
properties (Ernst and Pittler, 2000; Barnes et al., 2007;
Ebadi, 2007). The therapeutic effects of artichoke are
often ascribed to one of its constituents, cynarin (CYN)
(Alonso et al., 2006; Lattanzio et al., 2009; Gouveia and
Castilho, 2012). CYN is a dicaffeoylquinic acid derivative,
1,3-O-dicaffeoylquinic acid, found in both leaves and
heads of artichoke and in methanolic extracts of artichoke
at about the 1.5% level (Adzet and Puigmacia, 1985;
Lattanzio et al., 2009; Negro et al., 2012).
In the present study we tested the effects of various
doses of CYN on the proliferative potential, survival, and
* Correspondence: gezerceren@hotmail.com

morphological changes in normal human skin fibroblasts,
mesenchymal stem cells, and cervical cancer cells in order
to find out whether CYN can suppress proliferation of
cancer cells with or without harmful effects on normal
cells. In addition, we also investigated whether CYN’s
mode of action involves stress-induced activation of
antioxidative defense pathways in the cells. This is because
various phytochemicals containing polyphenols and
flavonoids are known to act as mild stressors that stimulate
kinases and transcription factors, which then induce the
expression of numerous genes that encode antioxidant
enzymes, phase-2 enzymes, and protein chaperones (Son
et al., 2008; Lee et al., 2014).
Stress response is defined as the response of cells,
tissues, and organisms to any physical, chemical, or
biological factor, initiating a series of biological events
that facilitate and promote counteraction, adaptation, and
survival. Whereas an acute stress response can be harmful,
a regulated stress response to low levels of stress can
enhance survival and longevity, a phenomenon known as
hormesis (Rattan, 2005, 2008; Rattan et al., 2013). Among
the different types of hormetic agents or hormetins,
nutritional hormetins have drawn much attention for their
beneficial health effects (Rattan, 2013). Several dietary
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components such as resveratrol, curcumin, capsaicin,
epicatechins, isothiocyanates, and some vitamins and
minerals are reported to be potential nutritional hormetins
(Hayes, 2007; Mattson, 2008; Son et al., 2008). In the
present study we investigated whether CYN is a potential
hormetin that induces an oxidative stress response by
stimulating the synthesis of the stress response proteins
heme oxygenase-1 (HO-1) and heat shock protein-70
(HSP70 or HSP1A).
2. Materials and methods
2.1. Chemicals
The following chemicals were used in the study: bovine
serum albumin (BSA; Sigma #A4503), β-actin (SigmaAldrich A5441), cynarin (Sigma-Aldrich #SLBB9809V),
Dulbecco’s minimum essential medium (DMEM;
BioWhittaker #BE12-604F), DMSO (BioWhittaker
#BE17-512F), Dulbecco’s phosphate without Ca and
Mg (DPBS; BioWhittaker #BE17-512F), ethanol (CCS
Healthcare AB #1680643), fetal bovine serum (FBS;
Thermo Scientific #SV30143.03), Giemsa’s azure eosin
methylene blue solution (Bie&Berntsen #1.09204.0500),
HO-1 (Enzo LifeSciences #OSA-110), HSP70 (Stressgen
#SPA-810), mouse-HRP (Dako #P0447), methanol (VWR
#20837.320), thiazolyl blue tetrazolium bromide) (MTT;
Sigma-Aldrich #M2128-1G), penicillin/streptomycin
(BioWhittaker #DE17-602E), phenylmethylsulfonyl
fluoride (PMSP; Sigma #P7626), rabbit-HRP (Dako #
P0399), and Triton X-100 (MP Biomedicals #194834).
2.2. Cell lines
We used 3 types of human cells in this study: 1) a
normal diploid human facial skin fibroblast cell strain,
designated FSF-1, derived from an eyelid reduction of a
healthy middle-aged French woman (Jørgensen et al.,
2014); 2) normal human mesenchymal stem cells isolated
from bone marrow and immortalized with a catalytic
subunit of telomerase with reverse transcriptase activity,
designated hTERT-MSC (Simonsen et al., 2002); and 3)
human cervical cancer cell line HeLa from an aggressive
adenocarcinoma of the cervix (Lucey et al., 2009).
2.3. Cell culturing
All cell types were grown in T75 (75 m2) plastic tissue
culture flasks with 12.5 mL of complete DMEM containing
L-glutamine and glucose and supplemented with 10% FBS
and 100 U/mL penicillin and streptomycin. The cells were
incubated at 37 °C, 5% CO2, 95% atmospheric air, and 95%
humidity.
2.4. Cynarin solution
CYN (1,3-O-dicaffeoylquinic acid) was bought from
Sigma-Aldrich as 5 mg of powder and stored at 4 °C.
The stock solution of CYN (9.86 mM) was prepared by
dissolving 5 mg of CYN in 1 mL of methanol followed
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by appropriate dilution in the culture medium. CYN was
added to the cell culture medium at various concentrations
as described below.
2.5. Cell proliferative potential and survival
Cells were seeded in 6-well plates with 70,000 cells per well
(~7400 cells/cm2) in normal medium and allowed to attach
for 24 h, following which various concentrations of CYN
were added. The effects of different concentrations of CYN
on cellular growth rate and survival were recorded for 3
days by counting the number of cells, using a Countess
automated cell counter. Cells were counted at least twice
and the mean value of the readings was calculated.
2.6. MTT assay for toxicity
In order to determine the toxicity of CYN, the
mitochondrial activity was measured by an MTT assay
as an indicator of cell viability. The cytotoxicity index was
calculated according to the following formula (Atasever et
al., 2003):
Cytotoxicity index (%) =
(1 – mean value of related concentration absorbance) × 100
Mean value of control absorbance
2.7. Giemsa staining for morphological analysis
Cells were seeded in 6-well plates with 70,000 cells per
well (~7400 cells/cm2). Following 24 h of attachment, the
medium was treated with various doses of CYN. After 3
days of treatment, the cells were washed twice with DPBS,
fixed with 100% ice-cold methanol, and incubated for 20
min at –18 °C. The ethanol was then removed and 1 mL
of Giemsa stain solution (pH 6.1–7.0) was added per well.
The cells were incubated for 30 min at room temperature
and washed 6 times with dH2O, and the plates were then
left to dry overnight.
2.8. Microphotography
The morphology of Giemsa-stained cells and living cells
was examined and photographed with a phase-contrast
microscope (Zeiss Axiovert 25). Pictures were taken with
either a 2.5× objective or a 10× objective, and the phasecontrast settings were manually manipulated to enhance
visibility. In addition, all pictures were taken with the
highest possible resolution (1300 × 1030 pixels) and scale
bars were added for each magnification.
2.9. Western blotting
Cells were treated with different concentrations of CYN
for the indicated times and then were lysed in ice-cold lysis
buffer (Tris HCl, PMSF, Triton X-100, protease inhibitor).
Bradford analysis was performed to measure the protein
content of the samples using
BSA standards (0.05–0.5 mg/mL). For western blot,
20 µL of protein sample was loaded in 12% Bis-Tris SDS
polyacrylamide gel, electrophoresis was conducted, and
the gel was transferred to an equilibrated nitrocellulose
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membrane (Bio-Rad). The membrane was then blocked
with PBS containing 4% weight/volume nonfat dry milk,
washed in PBS, and incubated with primary antibody
and secondary antibody conjugated with IgG horseradish
peroxidase. Immunoreactive bands were detected using
the chemiluminescent compound ECL (GE-Healthcare).
The film (Kodak Medical Film) was developed in a dark
room with an AGFA Curix 60. β-Actin was used as a
loading control. The results were quantified using the
image-analysis program ImageJ.
2.10. Statistical analysis
Statistical differences were analyzed by one-way ANOVA
followed by Tukey’s multiple comparison test or Kruskal–
Wallis test when appropriate. Differences between groups
were considered significant at P < 0.05.
3. Results
3.1. CYN modulates cellular morphology
The treatment of FSF-1, hTERT-MSC, and HeLa cells
with various concentrations of CYN resulted in subtle
changes in morphology depending on the dose (Figure
1). Normal cells generally maintained their morphological
integrity at almost all concentrations of CYN during the
3-day period of exposure. However, cancerous HeLa cells
started to become enlarged from about 25 µM onwards,
with clear-cut morphological alterations at higher doses.
This was an early indication of the differential effects of
CYN on normal and cancerous cells. Therefore, this effect
was further investigated by determining the extent of
proliferation and mitochondrial activity as an indicator of
toxicity (Kasımoğulları et al., 2014).
3.2. Effects of CYN on proliferation, survival, and toxicity
Both FSF-1 and hTERT-MSC cells showed a biphasic dose
response to CYN with respect to growth and survival.
Figure 2 shows that for the first 3 days, the growth of
FSF-1 cells was: 1) stimulated by CYN concentrations
between 1 µM and 50 µM; 2) similar to the controls until
250 µM; and 3) almost completely inhibited at 500 µM
(P < 0.05). A similar biphasic pattern of the effects of
CYN on the growth of FSF-1 cells was seen over a 6-day
period, but the inhibitory effects of CYN at concentrations
above 125 µM became more obvious and significant (P <
0.05). Figure 3 shows the effects of CYN on the growth
of hTERT-MSC cells, which was either maintained or
stimulated as compared with the controls until about 75
µM, following which it became progressively inhibitory
at higher concentrations during the 5-day period of
treatment. Thus, there was a difference between normal
aging cells and immortalized nonaging cells with respect
to their tolerance of CYN: whereas normal human cells
could tolerate higher concentrations of CYN, immortal
cells were more sensitive to the inhibitory effects of CYN.

In the case of cancerous HeLa cells, CYN concentrations
above 50 µM were growth-inhibitory even within 3 days of
treatment (Figure 4). The toxic effects of CYN on HeLa
cells were further confirmed by MTT-based mitochondrial
activity, which generally supported the above observations
(data not shown).
3.3. Stress response induction
We tested 2 stress response pathways, antioxidant response
and heat shock response, following CYN treatment of FSF1 cells and hTERT-MSC. Figures 5 and 6 show the western
blot pictures and the quantitative data derived from the
immunoblots for the levels of HO-1. Whereas FSF-1 cells
treated with 100 µM CYN had about 50% higher levels
of HO-1 (Figure 5), the same extent of increase in HO-1
levels in hTERT-MSC was observed at 50 µM (Figure 6).
This reconfirms the observation that immortalized cells
are more sensitive to CYN as compared with normal cells.
We also checked the effects of CYN on heat shock response
by determining the levels of HSP70 expression. However,
there was no induction of HSP70 in FSF-1 cells and only
a slight, insignificant induction in hTERT-MSC (data not
shown).
4. Discussion
The effects of CYN on cell proliferation were related to dose
and cell type. While the growth and proliferation of all cell
types were affected from 75 µM onwards, the survival of
normal FSF-1 cells and hTERT-MSC was relatively higher
than that of cancerous HeLa cells. This implies that normal
human cells are able to tolerate CYN better than cancer
cells, which were more sensitive to the growth inhibitory
effects of CYN. Atasever et al. (2003) reported that CYN
had different cytotoxic effects on leukemic cell lines and
blasts of patients with acute lymphoblastic leukemia, and
the cytotoxicity index of patients with acute lymphoblastic
leukemia was 20.45 ± 12.3%. In our study, the cytotoxicity
index of CYN on HeLa cells was 65.46 ± 19.3%. Therefore,
CYN has more cytotoxic effects on HeLa cells compared
with leukemic cells, and the effects of CYN depend on the
cell type. However, 500 µM CYN concentrations inhibited
the cell proliferation and survival of all cells. Slanina et al.
(2001) indicated that CYN did not have cytotoxic effects
on HeLa cells until 400 µM, while 250 µM inhibited the
growth of MT-2 (human T-cell leukemia) cells. Dong et al.
(2009) reported that CYN did not have cytotoxic effects on
Jurkat T cells until 1000 µM.
Previous studies have shown that several
phytochemicals and endogenous mediators can upregulate
HO-1 expression (Son et al., 2013). Our present study has
also shown that the artichoke phytochemical CYN induces
HO-1 expression in normal FSF-1 cells and in hTERT-MSC
cells in a biphasic dose response. Other studies have shown
that resveratrol upregulates HO-1 in PC12 rat adrenal
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Figure 1. Effects of different concentrations of CYN on the morphology of FSF-1,
hTERT-MSC, and HeLa cells following 3 days of treatment (microscopy pictures were
taken using a 10× objective).
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Figure 2. Effects of different concentrations of CYN on the number of normal human skin
fibroblasts, FSF-1, during 6 days of treatment (*, †, ‡, •: P < 0.05).
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Figure 3. Effects of different concentrations of CYN on the number of telomeraseimmortalized bone marrow stem cells, hTERT-MSC, during 5 days of treatment (*, †:
P < 0.05).

700,000
Cell number/well

60,0000
500,000
400,000
300,000

180
160
140
120
100
80
60
40
20
0

200,000

control

1

50

100

CYN concentrations (µM)

100,000
0

*

control

1

5
10
25
50
CYN concentrations (µM)

75

Figure 4. Effects of different concentrations of CYN on the
number of cancerous HeLa cells following 3 days of treatment.
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Figure 5. HO-1 expression levels in FSF-1 cells on the 3rd day of
CYN treatment (*: P < 0.05).
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Figure 6. HO-1 expression levels in hTERT-MSC cells on the 3rd
day of CYN treatment (*: P < 0.05).

medulla cells and human aortic smooth muscle cells in
a concentration-dependent manner (Chen et al., 2005;
Juan et al., 2005). Moreover, while both epigallocatechingallate and epigallocatechin-3-gallate induce the
expression of HO-1 in endothelial cells, epigallocatechin3-gallate upregulates HO-1 in a concentration- and timedependent manner (Wu et al., 2006; Pullikotil et al., 2012).
Additionally, curcumin stimulates the expression of HO-1
in a time- and dose-dependent manner in human skin
fibroblasts, astrocytes, and endothelial cells (Scapagnini et
al., 2002; Balogun et al., 2003; Rattan et al., 2009).
Some dietary phytochemicals also induce the
expression of heat shock proteins. For instance, resveratrol
upregulates HSP70 in cell lines and in human peripheral
lymphocytes and can synergize with mild to moderate

heat shock to prevent severe heat stress damage (Putics et
al., 2008). Curcumin stimulates the expression of the main
inducible HSP70 in HeLa cells in a concentration- and
time-dependent manner. Additionally, while curcumin
cannot induce the expression of HSP70 by itself, it has a
synergistic effect with mild heat shock stress in normal
human skin fibroblasts and telomerase-immortalized bone
marrow stem cells (Dunsmore et al., 2001; Rattan and Ali,
2007; Demirovic and Rattan, 2011). Our study showed
that CYN did not induce HSP70 synthesis in FSF-1 cells,
but there was a slight induction in hTERT-MSC cells. This
requires further investigation.
In conclusion, the effects of CYN on cell proliferation
and morphology are dose- and cell type-dependent.
The growth and proliferation of normal, immortal,
and cancerous cell types were affected differentially by
CYN treatment. Whereas normal skin fibroblasts and
telomerase-immortalized human mesenchymal stem
cells could tolerate CYN without significant changes
in morphology and growth, cancerous cells HeLa were
strongly inhibited by this treatment. CYN appears to act
by inducing the antioxidative HO-1-dependent pathway.
Thus, the regular consumption of artichoke, and the
presence of CYN in it, may protect against the growth
and survival of potentially cancerous cells in the body at
an earlier stage. Advanced molecular, epidemiological,
and clinical research related to CYN is needed for more
specific dietary recommendations.
Acknowledgments
All experimental work was carried out at the Laboratory
of Cellular Aging, Department of Molecular Biology and
Genetics, Aarhus University, Denmark. A partial student
travel grant from Near East University, Northern Cyprus,
is thankfully acknowledged.

References
Adzet T, Puigmacia M (1985). High-performance liquid
chromatography of caffeoylquinic acid derivatives of Cynara
scolymus L. leaves. J Chromatogr 348: 447–453.
Alonso MR, García MC, Bonell CG, Ferraro G, Rubio M (2006).
Validated HPLC method for cynarin determination in
biological samples. Acta Farm Bonaerense 25: 267–270.
Argyopoulou A, Aligiannis N, Trougakos IP, Skaltsounis AL (2013).
Natural compounds with anti-ageing activity. Nat Prod Rep 30:
1412–1437.
Atasever B, Akgün DK, Kuruca S, Turan N, Seyhanli V, Meriçli A
(2003). Effects of flavonoids obtained from Cynara syriaca on
leukemic cells. J Fac Pharm Ankara 32: 143–150.
Balogun E, Hoque M, Gong P, Killeen E, Green CJ, Foresti R, Alam J,
Motterlini R (2003). Curcumin activates the haem oxygenase-1
gene via regulation of Nrf2 and the antioxidant responsive
element. Biochem J 371: 887–895.

304

Barnes J, Anderson LA, Phillipson JD (2007). Herbal Medicines. 3rd
ed. London, UK: Pharmaceutical Press.
Chen CY, Yang JH, Li MH, Surh YJ (2005). Resveratrol upregulates
heme oxygenase-1 expression via activation of NF-E2-related
factor 2 in PC12 cells. Biochem Bioph Res Co 331: 993–1000.
Demirovic D, Rattan SIS (2011). Curcumin induces stress response
and hormetically modulates wound healing ability of human
skin fibroblasts undergoing ageing in vitro. Biogerontology 12:
437–444.
Dong GC, Chuang PH, Chang K, Jan P, Hwang PI, Wu HB, Yi M,
Zhou HX, Chen HM (2009). Blocking effect of an immunosuppressive agent, cynarin, on CD28 of T cell receptor.
Pharmaceut Res 26: 375–381.
Dunsmore K, Chen PG, Wong HR (2001). Curcumin, a medicinal
herbal compound capable of inducing the heat shock response.
Crit Care Med 29: 2199–2204.

GEZER et al. / Turk J Biol
Ebadi M (2007). Pharmacodynamic Basis of Herbal Medicine. 2nd
ed. Boca Raton, FL, USA: CRC Press.
Ernst E, Pittler MH (2000). Safety issues in phytotherapy. In:
Ernest E, editor. Herbal Medicine: A Concise Overview for
Professionals. 1st ed. Oxford, UK: Butterworth-Heinemann,
pp. 82–100.
Gouveia SC, Castilho PC (2012). Phenolic composition and
antioxidant capacity of cultivated artichoke, Madeira cardoon
and artichoke‐based dietary supplements. Food Res Int 48:
712–724.

Pullikotil P, Chen H, Muniyappa R, Greenberg CC, Yang S, Reiter
CEN, Lee JW, Chung JH, Quon MJ (2012). Epigallocatechin
gallate induces expression of heme oxygenase-1 in endothelial
cells via p38 MAPK and Nrf-2 that suppresses pro-inflammatory
actions of TNF-α. J Nutr Biochem 23: 1134–1145.
Putics A, Végh EM, Csermely P, Soti C (2008). Resveratrol induces the
heat-shock response and protects human cells from severe heat
stress. Antioxid Redox Sign 10: 65–75.
Rattan SIS (2005). Hormetic modulation of ageing and longevity by
mild heat stress. Dose-Response 3: 533–546.

Hayes DP (2007). Nutritional hormesis. Eur J Clin Nutr 61: 147–159.

Rattan SIS (2008). Hormesis in aging. Ageing Res Rev 7: 63–78.

Jørgensen P, Milkovic L, Zarkovic N, Waeg G, Rattan SIS (2014).
Lipid peroxidation-derived 4-hydroxynonenal-modiﬁed
proteins accumulate in human facial skin ﬁbroblasts during
ageing in vitro. Biogerontology 15: 105–110.

Rattan SIS (2013). Nutritional hormetins and ageing. In: Watson RR
and Preedy VR, editors. Bioactive Food as Dietary Interventions
for Ageing Population. 1st ed. London, UK: Academic Press, pp.
205.

Juan SH, Cheng TH, Lin HC, Chu YL, Lee WS (2005). Mechanism
of concentration-dependent induction of heme oxygenase-1
by resveratrol in human aortic smooth muscle cells. Biochem
Pharmacol 69: 41–48.

Rattan SIS, Ali RE (2007). Hormetic prevention of molecular
damage during cellular aging of human skin fibroblasts and
keratinocytes. Ann NY Acad Sci 1100: 424–430.

Kasımoğulları SÇ, Oran S, Arı F, Ulukaya E, Aztopal N, Sarımahmut
M, Öztürk Ş (2014). Genotoxic, cytotoxic, and apoptotic effects
of crude extract of Usnea filipendula Stirt. in vitro. Turk J Biol
38: 940-947.
Lattanzio V, Kroon PA, Linsalata V, Cardinali A (2009). Globe
artichoke: a functional food and source of nutraceutical
ingredients. J Funct Foods 1: 131–144.
Lee J, Jo DG, Park D, Chung HY, Mattson MP (2014). Adaptive
cellular stress pathways as therapeutic targets of dietary
phytochemicals: focus on the nervous system. Pharmacol Rev
66: 815–868.
Lucey BP, Rees WAN, Hutchins GM (2009). Henrietta Lacks, HeLa
cells, and cell culture contamination. Arch Pathol Lab Med
133: 1463–1467.
Mattson MP (2008). Dietary factors, hormesis, and health. Ageing
Res Rev 7: 43–48.
Negro D, Montesano V, Grieco S, Crupi P, Sarli G, De Lisi A,
Sonnante G (2012). Polyphenol compounds in artichoke plant
tissues and varieties. J Food Sci 77: 244–252.
Özkan A, Erdoğan A (2013). Membrane and DNA damaging/
protective effects of eugenol, eucalyptol, terpinen-4-ol, and
camphor at various concentrations on parental and drugresistant H1299 cells. Turk J Biol 37: 405–413.

Rattan SIS, Fernandes RA, Demirovic D, Dymek B, Lima CF
(2009). Heat stress and hormetin-induced hormesis in human
cells: effects on aging, wound healing, angiogenesis, and
differentiation. Dose-Response 7: 90–103.
Rattan SIS, Kryzh V, Schnebert S, Perrier E, Nizard C (2013). Hormesis
based anti-ageing products: a case study of novel hormetics.
Dose-Response 11: 99–108.
Scapagnini G, Foresti R, Calabrese V, Stella AMG, Green CJ, Motterlini
R (2002). Caffeic acid phenethyl ester and curcumin: a novel
class of heme oxygenase-1 inducers. Mol Pharmacol 3: 554–561.
Simonsen JL, Rosada C, Serakinci N, Justesen J, Stenderup K, Rattan
SIS, Jensen TG, Kassem M (2002). Telomerase expression
extends the proliferative life-span and maintains the osteogenic
potential of human bone marrow stromal cells. Nat Biotechnol
20: 592–596.
Slanina J, Taborska E, Bochorakova H, Slaninova I, Humpa O,
Robinson WE, Schram KH (2001). New and facile method of
preparation of the anti-HIV-1 agent, 1,3-dicaffeoylquinic acid.
Tetrahedron Lett 42: 3383–3385.
Son TG, Camandola S, Mattson MP (2008). Hormetic dietary
phytochemicals. Neuromol Med 10: 236–246.
Wu CC, Hsu MC, Hsieh CW, Lin JB, Lai PH, Wung BS (2006).
Upregulation of heme oxygenase-1 by epigallocatechin-3-gallate
via the phosphatidylinositol 3-kinase/Akt and ERK pathways.
Life Sci 78: 2889–2897.

305

